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H e x a c h l o r o b e n z e n e  (HCB) i s  r e g i s t e r e d  f o r  use  as  a f u n g i c i d e  
i n  t h e  t r e a t m e n t  o f  common bunt  i n  s m a l l  g r a i n s .  I t  i s  a l s o  p r o -  
duced as  a b y - p r o d u c t  i n  t h e  m a n u f a c t u r e  o f  o r g a n o c h l o r l n e  com- 
pounds and has  been  used  i n  t h e  p r o d u c t i o n  o f  p e n t a c h l o r o p h e n o l  and 
s e v e r a l  o t h e r  c h e m i c a l s .  V a r i o u s  r e p o r t s  (VO$ e t  a l ~  1971, GILBERT- 
SON and REYNOLDS 1972) h a v e  shown t h a t  t h e  c h e m i c a l  may a c c u m u l a t e  
i n  t h e  eggs  o f  v a r i o u s  w i l d  b i r d s .  R e c e n t l y p  s e r i o u s  c a s e s  o f  HCB 
r e s i d u e s  i n  c a t t l e  and sheep  h a v e  been  r e p o r t e d  f rom LouXslana ,  
Texas  and C a l l f o r n l a  (BOOTH and M~DOWELL 1975) .  I n  a d d i t i o n ,  i t s  
t o x l c l t y  t o  humans has  been  r e p o r t e d  (SCHMID 1960) and i t s  a c c u -  
m u l a t l o n  i n  human f a t ,  m i l k ,  b l o o d  (BRADY and SIYALI 1972, ACKER 
and SCHULTE 1972, SIYALI 1972) ,  and f o o d s  documented  (SMYTH 1972)o 

The most f r e q u e n t  p h y s i o l o g i c a l  r e s p o n s e s  t o  i n g e s t i o n  o f  
t h e  c h e m i c a l  by man and a n i m a l s  i n c l u d e  p o r p h y r i a  and h e p a t o m e g a l y .  
H y p e r t r i c h o s i s ,  w e i g h t  l o s s t  bone and ~ o i n t  l e s i o n s  s n e r v o u s n e s s  
and p a r a l y s i s  h a v e  a l s o  been  o b s e r v e d  ~n v a r i o u s  s p e c i e s .  

Because  os a l a c k  o f  I n f o r m a t i o n  on t h e  r e l a t i o n s h i p  b e t w e e n  
d i e t a r y  HCB and t h e  d i s t r i b u t i o n  o f  h e a v y  ~ e t a l s  i n  body t i s s u e s ,  
t h e  d a t a  r e p o r t e d  h e r e  d e s c r i b e  some f i n d i n g s  on i n t e r a c t i o n s  
be tween  t h e  c h e m i c a l  and c e r t a i n  m e t a l s .  

MATERIALS AND METHODS 

Twenty male ,  Sp rague  Dawley r a t s  (279 ~ 5 g)  were  a l l o t t e d  
a t  random i n t o  two g r o u p s  o f  10 a n i m a l s .  Group 1 was t h e  c o n t r o l p  
and g r o u p  2 was f e d  250 pg o f  BCB/g d i e t  ( P u r i n a  Lab Chow a)  o v e r  
a p e r i o d  o f  30 d a y s .  The c o n t r o l  and t r e a t e d  a n i m a l s  were  housed  
i n  s e p a r a t e  rooms and had f r e e  a c c e s s  t o  f o o d  and w a t e r  a t  a l l  
t i m e s .  A l l  a n i m a l s  were  we ighed  b o t h  p r e -  and p o s t - e x p e r i m e n t .  

A f t e r  t h e  e x p e r i m e n t a l  p e r i o d  o f  30 dayss  a l l  a n i m a l s  were  
k A l l o d ,  and l i v e r s  ktdneysm s p l e e n s  and b r a i n  were  c o l l e c t e d  and 
f r e e z e  d r i e d  f o r  f u t u r e  a n a l y s e s .  A l l  f r e e z e  d r i e d  o r g a n s  and 

a Ment ion  o f  a t r a d e  namep p r o p r i e t a r y  p r o d u c t s  o r  s p e c i f i c  e q u i p -  
ment does  n o t  c o n s t i t u t e  a g u a r a n t e e  o r  w a r r a n t y  by t h e  U.S.  
De pa r tmen t  o f  A g r i c u l t u r e  and d o e s  n o t  i m p l y  i t s  a p p r o v a l  t o  t h e  
e x c l u s i o n  o f  o t h e r  p r o d u c t s  t h a t  may be s u i t a b l e .  
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t i s s u e s  were g round  t h rough  a Wi ley  m i l l  e q u l p p e d w l t h  a 1 .25  mm 
sieve. D@gestlonwas by the nitric acld-perchlorlc acid method 
(A.O.A.C. 1970). Iron, copper, zinc, and manganese concentra- 
tions of all organs and tissues were determined by atomic absorp- 
tion. 

A n a l y s i s  o f  v a r i a n c e  and t he  l e a s t  s i g n i f i c a n c e  d i f f e r e n c e  
(LSD) were used  to  a s c e r t a i n  d i f f e r e n c e s  among t r e a t m e n t s  (STEEL 
and TORRIE 1960) .  

RESULTS 

Both c o n t r o l  and t r e a t e d  a n i m a l s  g a i n e d  c o n s i d e r a b l e  w e i g h t  
d u r i n g  t he  e x p e r i m e n t a l  p e r i o d .  The g r e a t e r  i n c r e a s e  i n  w e i g h t  
f o r  t h e  t r e a t e d  group  (34%) t h a n  f o r  t he  c o n t r o l s  (29%) i s  p r o b -  
a b l y  t h e  r e s u l t  o f  t he  i n c r e a s e d  (50%) w e i g h t  of  t h e  l i v e r  and 
o t h e r  o r g a n s .  KIMBROUGH and LINDNER (1974) found  a s i g n i f i c a n t  
i n c r e a s e  i n  w e i g h t  of  l i v e r ,  l u n g ,  s p l e e n s ,  k i d n e y s ,  and t e s t e s  
of  r a t s  f ed  h i g h  l e v e l s  o f  ~ B  over  a s h o r t  p e r i o d  of t i m e .  No 
a n i m a l s  d i e d  d u r i n g  our  e x p e r i m e n t  and t r e a t e d  a n i m a l s  showed 
no o b v i o u s  s i g n s  of  s i c k n e s s .  However, t he  d a r k - r e d  u r i n e  of 
t he  t r e a t e d  a n i m a l s  may i n d i c a t e  e x c r e t e d  p o r p h y r i n s .  

I r o n .  The i r o n  c o n c e n t r a t i o n  of  t he  l i v e r  and k i d n e y s  was 
s i g n i f i c a n t l y  (P <0 .05)  l e s s  i n  the  HCB- t rea ted  a n i m a l s  t h a n  i n  
t h e  c o n t r o l s  (Tab le  1 ) .  I n  a d d i t i o n ,  t h e  i r o n  c o n c e n t r a t i o n  of 
t he  s p l e e n  and b r a i n s  was marked ly  r e d u c e d  by t he  HCB. Because  
b l o o d  hemog lob in  and h e m a t o e r i t  l e v e l s  were  n o t  d e t e r m i n e d ,  t h e  
anemic or  n o n - a n e m i c  s t a t u s  of  t he  a n i m a l s  c o u l d  n o t  be  a s s e s s e d .  
However, KIMBROUGH and LINDNER (1974) r e p o r t e d  t h a t  a n i m a l s  f e d  
100, 500, and 1000 ~g of  HCB/g of  d i e t  became anemic w i t h i n  4 
months. 

Copper .  The l i v e r  copper  c o n c e n t r a t i o n  was s i g n i f i c a n t l y  
(P <0 .05)  g r e a t e r  i n  t h e  t r e a t e d  group  t h a n  i n  t he  c o n t r o l s  (Tab le  
1 ) .  BCB had no  s i g n i f i c a n t  e f f e c t  on k i d n e y ,  s p l e n i c ,  o r  b r a i n  
c o p p e r  c o n c e n t r a t i o n s .  

Z i n c .  The a v e r a g e  z i n c  c o n c e n t r a t i o n  i n  t he  l i v e r  was s i g n i f -  
icant ly(P <0.05) less in the treated animals than in the controls 
(Tab le  1 ) .  I n  c o n t r a s t ,  t h e  z i n c  c o n c e n t r a t i o n  i n  t he  k i d n e y s  of  
t h e  t r e a t e d  a n i m a l s  was s i g n i f i c a n t l y  (P < 0 . 0 5 )  g r e a t e r  t han  i n  
t h e  c o n t r o l s  (Tab le  1 ) .  The z i n c  c o n c e n t r a t i o n  of  t h e  s p l e e n  and 
t he  b r a i n  were n o t  s i g n i f i c a n t l y  d i f f e r e n t  be tween  t r e a t m e n t s .  

Manganese. The manganese concentration of the liver, kidneys, 
and brain was significantly (P <0.05) greater in the control animals 
than in treated animals (Tables 1 and 2). Furthermore, a marked 
depression was observed in the splenic manganese concentrations 
of the treated animals compared to the controls (Table 2)~ 
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TABLE 1 

Average Concentration of Iron, Copper, Zinc and Manganese in Livers 
and Kidneys of Rats a Fed 250 ug/g of Dietary Hexachlorobenzene 

Over a Period of 30 Days. 

T r e a t m e n t  Fe Cu Zn ~ 

L i v e r  K i d .  b L i v e r  K i d .  b L i v e r  K i d .  b L i v e r  K i d .  b 
u g / g  Dry T i s s u e  

Control 770" 560 13.9 25.0 89 91 7.40 3.63 
Treated 610 460 15.7 23.7 81 I01 5.93 3.07 
S.E. 35 21 0.3 I.I 3 3 0.36 0.14 
LSD (~ 110 63 0.8 3.4 7 9 1.05 0.42 

a 10 C o n t r o l  R a t s  and 10 T r e a t e d  R a t s  
b K i d .  = K i d n e y  

TABLE 2 

A v e r a g e  C o n c e n t r a t i o n  o f  I r o n ,  Copper ,  Z inc  and Manganese i n  
S p l e e n s  and B r a i n s  o f  R a t s  a Fed 250 ~ g / g  o f  D i e t a r y  H e x a c h l o r o -  
b e n z e n e  Over  a P e r i o d  o f  30 Days .  

T r e a t m e n t  Fe Cu Zn Mn 

S p l ,  b B r a i n  S p l .  b B r a i n  S p I .  b B r a i n  B r a i n  S p l .  b 
u g / g  Dry T i s s u e  

C o n t r o l  2445 109 7 ,26  20 .9  113 57 
T r e a t e d  1872 95 7 . 6 3  20 .6  107 60 
S.E. 241 8 0.42 0.4 5 1 
LSD (.05) 716 23 1.26 1.3 14 3 

8 . 0 8  1 .91  
5 .02  1 .76  
1 . 1 5  0 . 0 4  
3 . 4 2  0 ,13  

a i0 Control Rats and I0 Treated Rats 
b Spl. = Spleen 

DISCUSSION 

The d a t a  r e p o r t e d  shows t h a t  250 ~g o f  HCB/g d i e t  s i g n i f i -  
c a n t l y  d e p l e t e d  i r o n  s t o r e s  i n  l i v e r  and k i d n e y  and marked ly  r e d u c e d  
s t o r e s  i n  s p l e e n  and b r a i n s  o f  r a t s  i n  a r e l a t i v e l y  s h o r t  p e r i o d  
o f  t i m e .  In  c o n t r a s t  , SAUNDERS e t  a l .  (1963) r e p o r t e d  t h a t  t h e  
f e e d i n g  o f  HCB t o  r a t s  r e s u l t e d  i n  t h e  a c c u m u l a t i o n  o f i r o n  i n  
t h e  l i v e r  and JOUBERT e t  a l ,  (1973) c o n f i r m e d  t h e s e  r e s u l t s .  How- 
e v e r ,  TALJAARD e t  a l .  (1972) r e p o r t e d  t h a t  n o n - s i d e r o t i c  r a t s  f e d  
h i g h  c o n c e n t r a t i o n s  o f  HCB f o r  many months d i d  n o t  a c c u m u l a t e  
s t a i n a b l e  i r o n  t o  any s i g n i f i c a n t  d e g r e e .  GOLDSTEIN (1976) a l s o  
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r e p o r t e d  t h a t  f e m a l e  r a t s  f ed  h i g h  c o n c e n t r a t i o n s  of  ~EB f o r  4 
months d i d  n o t  a c c u m u l a t e  s i g n i f i c a n t l y  more l i v e r  i r o n  t h a n  d i d  
c o n t r o l  r a t s .  No e x p l a n a t i o n  c a n  be g i v e n  f o r  t he  c o n f l i c t i n g  
r e s u l t s ,  b u t  some s u g g e s t i o n s  a r e  i n  o r d e r .  An e f f e c t  by HCB on 
t he  i n t e s t i n a l  a b s o r p t i o n  of  i r o n  seems r e a s o n a b l e  b e c a u s e  body 
i r o n  s t o r e s  were d e p l e t e d .  An i n d i r e c t  e f f e c t  o f  HCB on r e d  b l o o d  
c e l l  h e m o l y s i s  due t o  t he  p o s s i b l e  a c c u m u l a t i o n  of  p o r p h y r i n s  i n  
t h e  bone  marrow (WATSON e t  a i .  1959) a l s o  seems p o s s i b l e .  T h i s  
e f f e c t  would c a u s e  t h e  HCB-induced anemia  r e p o r t e d  by KI~ROUGH 
and LINDNER (1974) and may a l s o  c a u s e  t h e  a c c u m u l a t i o n  of  i r o n  i n  
t h e  l i v e r ~  r e p o r t e d  by t h e  same a u t h o r s ,  due t o  r e c y c l i n g  of  t h e  
i r o n  c o n t e n t  o f  t h e  r ed  b l o o d  c e l l s .  Whatever  t he  mechanism,  
d e p l e t i o n  and  a c c u m u l a t i o n  of  i r o n  i n  l i v e r  may b o t h  be p a r t  of  
HCB t o x i c i t y .  

The s i g n i f i c a n c e  of  t h e  d e c r e a s e d  l e v e l s  of. z i n c  i n  t h e  l i v e r  
and t h e  i n c r e a s e d  l e v e l s  i n  k i d n e y s  due t o  HCB i s  n o t  r e a d i l y  
a p p a r e n t .  However, we do know t h a t  a l l  forms of  h e p a t i c  p o r p h y r i a s  
a r e  c h a r a c t e r i z e d  by t h e  u r i n a r y  e x c r e t i o n  of  u r o p o r p h y r l n  and  
c o p r o p o r p h y r i n  I and I I I  as  z i n c  complexes .  I f  we assume a l i m -  
i t e d  a c c u m u l a t i o n  of  p o r p h y r i n s  i n  t h e  l i v e r s  of  t h e s e  r a t s ,  t h i s  
a c c u m u l a t i o n  may a c c o u n t  f o r  t h e  d e c r e a s e d  z i n c  i n  t h e  l i v e r s .  

The d e c r e a s e d  l e v e l s  o f  manganese  i n  l i v e r s  and k i d n e y s  due 
t o  HCB i s  c o n s i s t e n t  w i t h  t h a t  o b s e r v e d  i n  cadmium p o i s o n i n g  of  
r a t s .  Cadmios i s  a l s o  c a u s e s  anemia  and a g e n e r a l  d e p l e t i o n  of  
i r o n  t h r o u g h o u t  t h e  body.  The p o s s i b l e  r o l e  of  g l u c o c o r t i c o i d s  
i n . t h e  d e p r e s s i o n  of  t i s s u e  manganese  l e v e l s  i s  n o t  known; however ,  
t h e s e  hormones d e p r e s s  t h e  h e p a t i c  u p t a k e  of  56Mn (HUGHES and 
COTZIAS 1961)o I n  a d d i t i o n ,  r e l a t i v e l y  h i g h  l e v e l s  o f  d i e t a r y  
HCB c a u s e  h y p e r t r o p h y  of  t h e  a d r e n a l  c o r t e x  (KIMBROUGH and 
LINDNER 1974)o 

The i n c r e a s e d  h e p a t i c  coppe r  l e v e l s  due t o  HCB a r e  c o n s i s t e n t  
w i t h  our  p r e s e n t  knowledge  of  copper  m e t a b o l i s m  d u r i n g  a c u t e  
s t r e s s  (BEISEL and PEKARE~ 1972) .  

The d a t a  r e p o r t e d  h e r e  i n d i c a t e  t h a t  HCB, when f e d  t o  r a t s  
ove r  a s h o r t  p e r i o d  of  t ime~ c a u s e d  changes  i n  t he  i r o n ,  c o p p e r ,  
z i n c ,  and manganese  c o n c e n t r a t i o n s  of  many t i s s u e s .  Whether  t h e s e  
changes  a r e  t h e  r e s u l t  of  c h a n g e s  i n  a b s o r p t i o n ,  h e m o l y s i s  o f  t h e  
r e d  b l o o d  c e l l s ,  a c c u m u l a t i o n  of  HCB and p o r p h y r i n s  i n  t he  t i s s u e s  
or  a c o m b i n a t i o n  o f  some or  a l l  o f  t h e s e  f a c t o r s  i n  unknown.  The 
supplementation or deprivation of some dietary essential metals 
may have some effect in counteracting the toxic effects of the 
fungicide. Further studies are needed to answer thesequestlonso 
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